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The effect of dry heat on the percentage germination, germination rate and lethal temperatures of selected legume 
spec ies was investigated by exposing seeds to different intensities and durations of heat. Two alien invasive legumes 
(Acacia saligna and A. cyclops) and two indigenous legume species: Podalyria calyptrata, which is a fynbos species, 
and Virgilia oroboides, a forest precursor, were tested . Results were compared to predictions based on published 
accounts of the species' ecology. Acacia saligna and P. calyptrata fitted predictions: high percentage germination, 
fast germination rates and a tolerance to high temperatures; with A. saligna outperforming P. calyptrata in the 
latter two responses. Both A. cyclops and V. oroboides did not conform to predictions: dry heat had little positive 
effect on germination, and in A. cyclops it had a negative effect. 
Die effek van droe hitte op die ontkiemingspersentasie en ontkiemingstempo sowel as die effek van dodelike 
temperature op geselekteerde peulplantspesies is ondersoek deur die temperature sowel as die blootstellingstyd 
te varieer. Twee uitheemse indringerpeulplante (Acacia saligna en A. cyclops) en twee inheemse peulplantspesies: 
Podalyria calyptrata, wat 'n fynbosspesie is en Virgilia oroboides, 'n woudpionier, is ondersoek. Die resultate is 
vergelyk met voorspellings wat gebaseer is op gepubliseerde verslae van die spesies se ekologie. Acacia saligna 
en Podalyria calyptrata stem ooreen met die voorspellings wat gemaak is: hoe ontkiemingspersentasie, hoe 
ontkiemingstempo en 'n toleransie vir hoe temperature; Acacia saligna oortref Podalyria calyptrata wat laasgenoemde 
twee aspekte betref. Acacia cyclops sowel as Virgilia oroboides wyk af van voorspellings wat gemaak is: droe 
hitte het 'n klein positiewe effek op ontkieming en by Acacia cyclops was die effek negatief. 
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Introduction 
In South Africa Acacia cyclops A. Cunn. ex G. Don. and 
A. saligna (Labill.) Wend!. are ranked among the most 
important invasive species in the Cape flora according to the 
extent of their current infestation (Macdonald & Jarman 
1984). These Acacia species are small leguminous trees or 
shrubs which produce prolific quantities of hard-coated, water-
impermeable seeds (Milton & Hall 1981). Hard coats permit 
extended seed life, so that seeds are distributed in both time 
and space (Rolston 1978), posing a major obstacle to the 
successful control of these invasive species. Germination occurs 
after the testa is softened or damaged, allowing imbibition 
(Cavanagh 1980). It appears from the literature that dormancy 
of water-impermeable seeds may be broken by hot water, dry 
heat, freezing, organic solvents, acid scarification, mechanical 
scarification and microwave energy (Pieterse & Cairns 1986a). 
Fire plays a major role in controlling the Cape fynbos flora, 
and Acacia species tend to become dominant after fire 
(Cavanagh 1980). It has been shown that under natural 
conditions heat from a fire may break Acacia seed dormancy, 
resulting in germination (Jones 1963; Pieterse & Cairns 1986b), 
but with the exception of A. cyclops (Jones 1963), no direct 
effects of dry heat treatment have been undertaken on these 
species to date. 
In this paper we compare the effect of dry heat on seed 
germination of these two alien species and two indigenous 
legume species [Podalyria calyptrata Willd., and Virgilia 
oroboides (Berg.) T.M. Salter], to ascertain whether ger-
mination responses comply with the known ecological be-
haviour of the species. 
Acacia saligna occurs principally in dry sclerophyll forest 
or temperate woodlands in Australia (Hall & Turnbull 1976): 
a fire-prone and highly flammable plant assemblage, which 
burns at IO-year intervals (Christensen et al. 1981). In South 
Africa, A. saligna occurs on a wide variety of substrata 
wherever permanently moist sites are available, forming dense 
thickets (Milton & Hall 1981). Since A. saligna is a successful 
invader of fynbos, germinating in dense mats following fires 
[up to 300 seedlings per square metre, (Milton & Siegfried 
1981)], we expect that its seed will be stimulated to germinate 
by heat. Furthermore, we predict that its seed will exhibit a 
high heat tolerance, because the fuel biomass of A. saligna 
thickets exceeds that of fynbos (Milton & Siegfried 1981), 
resulting in much hotter fires under extreme weather con-
ditions (van Wilgen & Richardson 1985). Since few seedlings 
appear to be able to establish in mature stands during interfrre 
periods, we also predict that all viable heat-treated seeds would 
germinate as soon as suitable conditions prevail. 
By contrast, A. cyclops is commonly associated with human 
disturbance and, as a prominent plant in coastal dune assem-
blages, is rarely subjected to fire in Australia (Gill 1985). 
Although its seed germination is not dependent on fire in 
Australia, seeds from South African populations are reported 
to be harder than most in Australia, suggesting that seed 
responses to heat may differ between the two continents (Gill 
& Neser 1984). Although dispersed by birds (Glyphis et al. 
1981), Acacia cyclops germinates extensively after fire in South 
Africa (Milton & Hall 1981), and responds well to 'dry' and 
'wet' heat treatments (Jones 1963). This may be due to either 
a selection for hardseededness in South Africa, or an initial 
introduction of a hardseeded ecotype into South Africa (Gill 
1985). 
Podalyria calyptrata is an indigenous fynbos species, 
occurring in kloofs and moist hillsides (Jackson 1982). Since frre 
is an important process in the regeneration of fynbos vegetation 
(Kruger 1982), we predict that seed of this species will be 
stimulated by heat to germinate, and exhibit a moderate heat 
tolerance and a rapid germination rate, as in A . saligna. 
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Virgilia oroboides is a short-lived leguminous tree which 
occurs on the forest/fynbos margin, as a forest precurser 
(Jackson 1982). It produces large crops of dormant seed, 
which may survive in the soil for longer than 30 years, and 
which germinate extensively after fires (Phillips 1926). Since 
it parallels the forest precursor role of many Acacia species 
in Australia (Milton & Hall 1981), we expect that its seed 
germination will be stimulated by heat, as predicted for A. 
saligna. 
Methods 
Fresh Acacia seeds were collected at Walker Bay (34°03'S, 
19°24'E) (A. cyclops) and Silvermine (34°05'S, 18°27'E) (A. 
saligna). Seeds of P. calyptrata and V. oroboides were 
obtained from the Kirstenbosch Botanical Gardens (33°59'S, 
18°26'E). 
Seeds were treated with dry heat, in preheated ovens, at 
a range of different temperatures [60, 80, 100, 150 and 215 
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(±5) 0q, each with a range of durations (1; 2,5; 5; 10; 30 
and 60 mins). For each treatment four replicates of 25 seeds 
each were tested per species (cf. Pieterse & Cairns 1986a). 
Seeds were allowed to cool and placed in 9-mm sterile, plastic 
petri-dishes, containing filter paper moistened with 6 ml of 
benomyl solution [0,022070 (m/v) active ingredient] (cf. 
Clemens et al. 1977). Seeds were germinated in a controlled 
environment of 12 hours light at 25°C alternating with 12 
hours darkness at 20°e. Genninated seeds [those with radicles 
extending 1 - 2 mm beyond the seed coat (Pieterse & Cairns 
1986a)] were counted every two days for 30 days and removed. 
Because A. cyclops exhibited a very low germination rate, 
counts were continued to 60 days, when the experiment was 
terminated. 
For each species, a control (viz. no heat treatment) and a 
viability trial [seeds manually chipped at the micropylar end 
to ensure a maximum germination rate (McDowell & Moll 
1981)] were conducted as outlined above. 
Table 1 The effects of different temperature and duration of temperature treatments on the percentage 
germination of two alien invader species (Acacia cyclops and A. saligna) and two indigenous legumes 
(Virgilia oroboides and Podalyria calyptrata). For each treatment four replicates, each of 25 seeds, were used 
'2 Percentage germination ~ v .-... E 
::l ::l~ (X ± SD, n = 4 x 25) e ;;; c: 
v :;:; 0 
0. 0.';::: A. cyclops A. cyclops E~ E ~ 
v U V ::l A. saligna V. oroboides P. calyplrata (30 days) (60 days) f-<~ f-<-o 
Control 3± 3,8a l6±12,6a 9± 5,oa 4 ± 3,3a 32± 9,8a 
Viability 9S± 2,3b 89± 2,Ob 85 ± 1O,0b 100±0,Ob 100± O,Ob 
60 I 0 8± 3,3a 72± 5,6ab 3 ± 3,8a 25± 3,8a 
2,5 II ± 2,Oab II ± 1O,0a 76± O,Ob 3 ± 3,8a 29±21,oa 
5 12± 6,3ab 18± 2,3a 92± 8,6b 3 ± 3,8a 39±19,2a 
10 21± 8,2ab 12± 5,6a 84± 1O,8b 3 ±2,Oa 35 ± 10,oa 
30 37± 14,Oab 9± 6,Oa 87± 8,2b 4±4,6a 25± 2,oa 
60 29± 2,Oab 6± 8,9a 84 ± 1O,8b 5 ± 5,oa 16± 3,3ac 
80 72± 3,3ab 21 ± 12,Oa 85 ± 16,4b 4±5,6a 38 ± 26,4a 
2,5 31 ± 1O,5ab 8± 3,3a 88 ± 1O,3b 0 14±25,4a 
5 62± 6,9ab 23± 2,Oa 90 ± 12,4b 3 ± 2,Oa 3± 2,3ac 
10 60 ± 4,6ab 21 ± 10,5" 87 ± 16,lb 1 ± 2,Oa 23 ± 8,9a 
30 SI ± 1O,0ab 35±ll,Oab 66± 9,5ab I ±2,Oa 18±20,8a 
60 69± 7,6ab 34 ± 1O,6ab 49± 20,Oab 0 16 ± 13,l a 
100 1 52 ± 18,8ab 7+ 8,2a 93± 6,8b 2±2,3a 16±1O,3" 
2,5 30± 5,2ab II± 5,Oa 84± 8,Ob 0 14± 13,2a 
5 26± S,Oab 9± 3,8a 83 ± 12,Ob I ± 2,Oa 9 ± 11 ,3ac 
10 67 ± 13,2ab II ± 4,Oa 91 ± 12,4b I ±2,Oa 11 ± 13,6ac 
30 88± 6,Oab 0 0 0 2+ 4,Oac 
60 23±21,3a 0 0 0 0 
150 1 70± 8,Oab 31±14,4a 0 1 ± 2,Oa 30± 17,4a 
2,5 88± 5,2ab 27± 8,2a 5± 6,Oa 0 24± 13,Sa 
5 6± 9,5a 0 0 0 1+ 2,Oac 
10 3± 3,8a 0 0 0 0 
30 0 0 0 0 0 
60 0 0 0 0 0 
215 61 ± 26,4ab 20±17,Oa 0 0 14± 11,6ac 
2,5 0 0 0 0 1+ 2,oac 
5 0 0 0 0 0 
10 0 0 0 0 0 
30 0 0 0 0 0 
60 0 0 0 0 0 
aSignificantly lower than the viability (P < 0,05) 
bSignificantly higher than the control (P < 0,05) 
CSignificantlv differt:il from the control (P < 0,05) (A. cyclops only) 
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The proportion of seeds that had germinated was expressed 
as a mean percentage, and compared using a randomization 
test for two independent samples (Siegel 1956). The average 
germination rate (in days) was calculated as: 
L (gt) 
L (g) 
where g is the number of seeds germinating on anyone day, 
and t is the number of days between initiation of the test and 
the last seed germinating (Jones 1963). Lag phase was cal-
culated as the time taken for 10070 of the germinated seed to 
germinate (Clemens et al. 1977). The duration of germination 
was taken to be the time taken for 90% of the total ger-
minated seed to germinate. A lethal temperature/duration for 
seeds was arbitrarily defined as those treatments in which the 
average number of seeds germinating was both half of the 
control value and significantly different (P < 0,05), to that 
of the control (i.e. approximating an LDso). 
Results 
Both P. calyptrata and V. oroboides seed viabilities were 
significantly lower (P < 0,05) than those of the two Acacia 
(a) 
(e) 
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species (Table 1), with no significant differences in seed 
viability within the two groups. Percentage germination of 
the P. calyptrata and V. oroboides control treatments (9 and 
16%, respectively) were significantly higher (P < 0,05) than 
that of A. saligna (3070). There were no other significant 
differences in percentage germination between control treat-
ments. For all species, seed germination in the control treat-
ment was significantly lower (P < 0,05) than in the viability 
treatment. 
All temperature/duration treatments in V. oroboides 
resulted in significantly fewer (P < 0,05) seeds germinating 
than in the viability treatment (Table 1). Seed germination 
was only significantly enhanced (P < 0,05) relative to the 
control at 80°C for 30 and 60 min. In P. calyptrata seed 
germination was significantly enhanced (P < 0,05) relative to 
the control, in all treatments below lethal temperature/dura-
tion (Table 1); germination was significantly lower (P < 0,05) 
than that of the viability treatment in only three treatments 
below the lethal temperature/duration (Table 1). Peak ger-
mination of V. oroboides and P. calyptrata occurred at 60°C 
for a duration of 10 min, but at 80°C peaked at 5 min for 
P. ca/yptrata and at 30 min for V. oroboides, the latter species 
(b) 
(d) 
Figure 1 Average and peak germination of seeds 30 days after treatment (vertical axis) with combinations of different temperatures (TEMP) 
and durations (TIME): (a) Acacia cyclops; (b) A. saligna; (c) Podalyria calypfrata; and (d) Virgilia oroboides. 
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showing no clear peak below lethal durations at 100°C 
(Figure 1). 
Seed germination in A. sa ligna was significantly enhanced 
(t-test, P < 0,05) relative to the control in most non-lethal 
treatments: exceptions were the lowest (60°C of 1-min dura-
tion) and highest {100°C at 60-min and 150°C at 5- and 
10-min durations) non-lethal treatments (Table 1). In all 
temperature/ duration treatments, significantly fewer seeds 
germinated than were viable (P < 0,05). Peak germination 
occurred at 30-min duration for temperatures below 150°C, 
but shifted to short-duration treatments (< 2,5 min) above 
100°C (Figure 1). 
Very little germination of A. cyclops seeds occurred during 
the first 30 days (Table 1). While no treatments displayed 
significantly enhanced germination relative to the control, only 
a very small proportion of the viable seeds had germinated 
by 30 days. At 60 days, 320Jo of the viable seeds had ger-
minated in the control treatment. In many of the higher 
temperature/duration treatments average germination was 
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significantly lower than the control (Table 1). Standard 
deviations were higher than those in the other species. At 60 
days average germination peaked at a temperature of 60°C 
at 5-min duration, whereas at higher temperatures germination 
peaked at the shortest time durations (Figure 1). 
Average germination rates were negatively correlated with 
percentage germination in A. saligna (r = - 0,43, P < 0,05) 
and P. ca/yptrata (r = - 0,47, P < 0,05), but no significant 
correlation was found in either A. cyclops or V. oroboides. 
Germination rates of A. saligna were much faster than those 
of the other three species, whilst A. cyclops had the slowest 
rate and longest duration of germination (Table 2). Germi-
nation rates of A. saligna treatments were faster than the 
control, but there were no clear trends in germination rate 
with increasing temperature/duration. However at 60°C, time 
taken to reach 90% germination was greater than at other 
temperatures. Germination rates of V. oroboides, P. calyp-
trata and A. cyclops were not different from their respective 
controls. In V. oroboides germination rate tended to be 
Table 2 The effects of different temperature and duration of temperature treatments 
on the germination rates and duration of germination [expressed as days for 10% 
germination (lag phase), and until 90% of seeds had germinated] of two alien invader 
species (Acacia cyclops and A. saligna) and two indigenous legumes (Virgilia oroboides 
and Podalyria calyptrata) 
c 
"' 
0) ·-3 .... E :l~ 
~ ""' c Rate and duration of germination 
"' 
t 0 [No. days/ seed (100Jo seeds, 90% of seeds)] 0. o.·;:; 
E~ E ~ vU 0) :l A. saligna V. oroboides P. calyptrata A. cyclops f-~ f--o 
Control 16,0 (6; > 30) 14,1 (6;22) 14,1 (8;22) 24,3 (!4; > 30) 
Viability 2,1 (2; 8) 4,6 (4;13) 5,3 (4; 8) 3,9 (2;6) 
60 12,9 (6;22) 13 ,5 (6;20) 29,0 (28; > 30) 
2,5 8,2 (4;12) 7,6 (4;16) !3 ,1 (6;18) 20,0 (!2; > 30) 
5 11,4 (4;22) 1!,9 (6;27) 12,6 (6;17) 25,0 (!9; > 30) 
10 7,9 (4;20) 7,9 (4; 15) 13,9 (9;20) 17,3 (!2; > 30) 
30 6,0 (4;10) 11,8 (4;23) 13,9 (9;20) 23,3 (21; > 30) 
60 5,7 (4; 7) 8,5 (4;16) 14,3 (9; !9) 21,0 (!6; > 30) 
80 I 4,0 (2; 6) 14,1 (2; > 30) 15,6 (!2;21) 27,3 (!9; > 30) 
2,5 7,6 (2;2!) 15,6 (2;25) 13,4 (!0;!6) 
5 5,5 (2; 7) 15,6 (!0; > 30) 14,2 (8; 18) 26,0 (24; > 30) 
10 5,6 (2; 8) 13,7 (8;22) 14,2 (8;21) 24,0 (24; > 30) 
30 5,8 (2; 7) 15,5 (10;22) 17,0 (!0;22) 28,0 (29; > 30) 
60 6,8 (2; 8) 13,2 (10; 17) 16,8 (!2;21) 
100 4,5 (4; 5) !0,7 (4;16) 14,2 (8;21) 27,0 (25; > 30) 
2,5 4,8 (4; 6) 11,1 (4;22) 12 ,9 (8,20) 
5 4,7 (4; 6) 16,0 (4;26) 12,5 (8;16) 27,0 (27; > 30) 
10 5,8 (4; 7) 20,0 (II ;25) 16,6 (II ;2 1) 29,0 (29; > 30) 
30 7,3 (6; 8) 
60 9,9 (6; 12) 
150 6,5 (4; 7) 12,3 (8; 18) 25,0 (25; > 30) 
2,5 5,9 (4; 7) 14,3 (I I ;19) 11,0 (6;15) 
5 8,0 (8; 8) 
!0 7,3 (6; 8) 
30 
60 
215 I 8,1 (4; II) 13,2 (9;21) 
2,5 
5 
10 
30 
60 
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slowest at 80°C, whilst in P. calyptrata there was a tendency 
for slower germination rates at longer temperature durations. 
After 30 days no clear trend was evident in A. cyclops 
germination rates . 
Lethal temperature/durations for seeds of V. oroboides and 
A. cyclops were lOO°C for durations of 30 min and longer, 
150°C for longer than 2,5 min and 215°C for longer than 
1 min (Figure 2). In P. calyptrata lethal temperature/ durations 
were lOO°C for 30 min and longer, and even brief exposures 
at 150°C and above killed the seeds. Lethal temperature/ 
durations for A . saligna were 150°C for longer than 5 min 
and 215°C for longer than one min. 
60 
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Discussion 
Our understanding of the reproductive biology of alien 
invasive species has increased greatly in recent years (Milton 
& Hall 1981). Whereas seed biology has been recognized as 
a key factor in the successful establishment of invasive acacias, 
to date little ecological interpretation of laboratory results has 
taken place in South Africa. 
Acacia saligna seeds respond to dry heat treatments as 
predicted from extrapolations of its ecological behaviour. 
Percentage germination is high following exposure to dry heat, 
germination is rapid and there is a marked tolerance to high 
temperatures. These responses probably preadapted A. saligna 
at 
o 
TIME(mln) 
Coo) 
o 
~---- 20 ---_ 
___ ------ 40 ---~ 
______ --- 60 
(2~ 
60------... 
40-----~ 
... 
o (II (II'" 
20-----_~ I------_o-___ -~ 
(b) 
(d) 
Figure 2 Proportion of seeds germinating for different temperature (TEMP) and duration (TIME) treatments (expressed as a percentage of potentially 
viable seeds) of seeds 30 days after treatments: (a) Acacia cyclops (dotted line = after 60 days); (b) A . saligna; (c) Podalyria calyptrata; and 
(d) Virgilia oroboides. Lethal temperature/ durations are indicated by the 0 isogerm. 
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to South African fynbos conditions, with the high rate of 
germination additionally providing a competitive edge over 
slower-germinating fynbos species. The fact that germination 
following heat treatment is lower than the viability, suggests 
that a proportion of the seeds might remain dormant and only 
germinate after another fire (i.e. distribution in time over fire 
seasons). 
Similarly, P. calyptrata also behaves as expected. Per-
centage germination is high, germination is rapid and it has 
a moderate tolerance to high temperatures. However, A. 
sa/igna surpasses P. calyptrata in the latter two responses. 
Germination of A . cyclops and V. oroboides seed does not 
conform to predictions based on their known ecology. Whilst 
results for A. cyclops are difficult to interpret since the 
experiment did not continue until all the seeds had germinated, 
at 60 days there were no obvious effects of different dry heat 
treatments on the proportion of seeds germinating. Whereas 
this result may have been predicted under Australian con-
ditions where it is a dune colonizer, the result is incongruous 
with South African conditions where it is reported in the 
literature to be hard-seeded and adapted to fire (Gill 1985). 
The spread of A. cyclops in South Africa has been aided by 
transport of seeds in soil used for road-building (pers. obs, 
cf. Gill 1985) and by bird dispersal, the latter simultaneously 
scarifying the seeds which improves germinability (Glyphis et 
a/. 1981). Milton & Hall (1981) found that A. cyclops seeds 
did not germinate following immersion in hot water, but 87fr/o 
of viable seeds germinated when given two hot water immer-
sion treatments. Cavanagh (1980) found Acacia seeds to be 
adversely affected by prolonged exposure to moist heat. These 
results suggest that the intensity of heat may not be as 
important as the frequency of heat treatments. In Australia 
prolonged mild heat (60°C) treatments or repeated exposures 
to alternating mild and cooler temperatures increases A. 
cyclops seed germination relative to controls (Gill 1985). A. 
cyclops seeds may thus respond to moderate, fluctuating soil 
temperatures, heated by sunlight during the day, in a manner 
similar to that of Cape Proteaceae with nut-like fruits (Brits 
1986). This might allow seed germination in areas of bare soil, 
such as dunes and quarries, without the need for fire sti-
mulation. The negative effect of high temperatures on seed 
germination relative to the control, might perhaps be due to 
a hardening of the testa at high temperatures. This would 
explain the observed reduction in germination, by means of 
a possible increase in impermeability of the testa, without 
implying that embryos may have been adversely affected by 
moderately high temperature treatments. This does not comply 
with known mechanisms involving rupture of the lens in hard-
seeded legume species (Tran & Cavanagh 1984). 
Similarly, germination of V. oroboides seeds is poorly sti-
mulated by dry heat treatments, and no relationship exists 
between the rate of germination and the number of seeds 
germinating. Virgilia oroboides may perhaps parallel A. 
cyclops in requiring a less intensive heat treatment, but one 
of a cyclical nature, thus allowing it to colonize disturbed areas 
within forests. 
It is therefore possible that two strategies might exist in 
hard-seeded legume species in the south-western Cape: those 
species primarily occurring in fire-prone communities with 
seeds mainly requiring a single high-temperature treatment to 
break dormancy or stimulate germination; and those species 
occurring in less fire-prone communities (e.g. dune communi-
ties, forest communities, etc.), in which seeds predominantly 
require a cyclical, less severe heat treatment, such as may occur 
on exposed soil surfaces, to stimulate germination. 
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If the above hypothesis is true, the seed biology of A. 
cyclops suggests that it should invade badly disturbed areas 
(such as quarries, dunes, etc.) more efficiently than A. saligna. 
Acacia sa/igna would however be a more efficient initial 
colonizer of mature plant assemblages, and should be able 
to establish itself in areas stabilized by A. cyclops. 
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